We cloned a human protein (Hzyg) homologue to the Caenorhabditis elegans Zyg-11, an essential protein for the cell division at the initial developmental stages of this species, and a Drosophila melanogaster gene (Mei-1) likely to be involved in meiosis. Hzyg mRNA encodes a protein of 766 amino acids (88 kDa) containing 14 % of leucine residues, some of them being arranged in four leucine rich repeat motives usually involved in protein-protein interactions. Hzyg is encoded by a single gene, located on chromosome 9q31-q32.4, and transcribed as two mRNA: i) a 5 kb transcript heavily expressed in testis and skeletal muscle, and barely detectable in other human tissues; ii) a 3.1 kb abundant mRNA detected only in the testis. By using in situ hybridisation and immunohistology, we clearly established the presence of Hzyg in pachytene spermatocytes (stage V) and spermatids (stage I and/or two) surrounding meiosis. The cell specific expression of Hzyg transcripts in testis, and the conservation of this gene among distant species, endowed this protein with a putative important role during meiosis.
Introduction
We produced a large series of human testis Expressed Sequence Tags (EST), (Pawlak et al. 1995) . During the course of their characterization, the clone A11107 (EST Hzyg) exhibited a significant homology to the Caenorhabditis elegans Zyg-11 gene, a gene which contributes to the cytoplasm organization and spindle orientation at one cell stage in this worm (Kemphues et al. 1986 ). Actually, temperature-sensitive Zyg-11 defective mutants of Caenorhabditis elegans embryos exhibit development retardation, arrest of meiosis at metaphase II, a delay in the formation of the pronuclei and an incorrect placement of the first cleavage furrow. All these effects can be rescued by injection of Zyg-11 cDNA (Carter et al. 1990 ).
EST Hzyg also displayed a significant homology to a Drosophila melanogaster gene located in region 62A1-62A2 of the chromosome 3L. Mutations in this region disrupt male meiotic division I (Ivy 1981) and are supposed to target a yet unidentified gene named Mei-1.
This gene is not related to the gene mei-1 from Caenorhabditis elegans (Clak-Maguire et al. 1994 ). The analysis of this genomic region revealed several genes and the gene homologous to EST Hzyg seems the sole likely candidate for Mei-1.
Based on the similarities of EST Hzyg with these Caenorhabditis elegans and
Drosophila melanogaster genes potentially important for meiosis, we investigated the expression of the Hzyg mRNA and the associated protein in human testis. Hzyg was found expressed specifically at meiotic stages of spermatogenesis. The conservation of this gene among distant species endowed this protein with a putative important role during human male meiosis.
Materials and Methods

Tissues, DNA and RNA preparation
Testicular samples, genomic DNA and mRNA, were obtained and prepared as previously reported (Pawlak et al. 1995; Levy et al. 1996) .
cDNA cloning and sequencing
The initial Hzyg cDNA (1 kb-clone A11107) is part of a series of human testis cDNA clones already described (Pawlak et al. 1995) . The 5' end region of the open reading frame was obtained by extending this 1 kb following two successive primer extensions. First, a 28 bp oligonucleotide (nt 341-369 of clone A11107) was hybridised to 1 µg of human testis mRNA and was elongated by using the Marathon cDNA amplification kit (Clontech, Palo Alto, USA). The elongated products were ligated at their 5' end with an adaptator (Clontech, Palo Alto, USA) and PCR-amplified using two oligonucleotides complementary to the adaptator and to the position 314-341 of clone A11107 respectively. A fragment of 1.2 kb was obtained. A second primer extension was done using the same protocol and two oligonucleotides located on the 1.2 kb fragment at position 400-423 and 384-406 nt for reverse transcription and amplification steps respectively. This second primer extension generated a fragment of 900 bp. These two overlapping fragments were cloned into the pSPORT2 plasmid. The A11107, 1.2kb and 0.9 kb cDNA clones were sequenced using the Erase-a-base system (Promega, Madisson, USA) as reported (Giuili et al. 1992 ). The fragments were sequenced at least five times on each strand as previously described (Pawlak et al. 1995) .
The nucleotide and protein sequences were analysed on the server Infobiogen (www.infobiogen.fr) using several programs including Protparam (Expasy), SAPS (ISREC), Blocks, Psort and NetOglyc WWW server.
Southern and northern blot analysis
Southern blotting of human genomic DNA was performed as previously reported (Levy et al. 1996) , using 20 µg per lane of human genomic DNA digested with the restriction enzyme HindIII, PstI, PvuII, EcoRI and KpnI (New England Biolabs, Hertfordshire, UK).
Northern blots of human tissue RNAs were obtained from Clontech, Palo Alto, USA. The blots were hybridised to the insert of clone A11107, [ 32 P] labelled by random priming using the Megaprime protocol (Promega, Madisson, USA). The Southern blot was washed at 68 °C in 0.1 x SSC (1 x SSC: 150 mM NaCl, 15 mM sodium citrate pH 7.0), 0.1% SDS and exposed overnight on a ß-max X-ray film (Amersham France, Les Ulis, F) with one intensifying screen. The northern blots were washed at 65 °C in 0.05 x SSC, 0.1% SDS and exposed as for the Southern blots except for 48 hours.
In situ hybridisation
An EcoRI-HindIII fragment of 555 bp (nt 228-783 of clone A11107) was cloned into the corresponding restriction sites of pSPORT1 (Life technologies, Gibco BRL). The resulting plasmid, linearised either using the restriction enzymes BamHI or RsrII, was used as template for sense and antisense single strand RNA probes, using Sp6 or T7 RNA polymerase respectively. The labelling reactions were done as described previously (Matsuoka et al. Testis tissue samples from a normal adult male were frozen in OCT-compound and sectioned at 10 µm. The sections were fixed and hybridised as previously reported (Matsuoka et al. 1992) except that the probe (6.10 5 cpm) was added to the tissue sections in 30 µl. The sections were rinsed twice in 4 x SSC and 2 x SSC for 5 min and in 1 x SSC at room temperature for 10 min. The non-specific signal was removed by treatment with a solution containing 20 µg/ml RNAse A, 20 U/ml RNAse T1, 10 mM Tris pH 8, 0.5 M NaCl and 1 mM EDTA for 45 min at 37 °C. The sections were then washed at 42 °C in 1 x SSC for 30 min, 
Immunohistofluorescence
Normal human testis paraffin sections (6 µm), picked up on polylysine slides, were deparaffinised and heated in a microwave oven for 3 x 5 for antigen retrieval. Slides were incubated in 1x PBS containing 10% sheep serum and 0.3% Triton X100 for 30 min, and then incubated with affinity-purified anti-Hzyg antibodies at room temperature for 45 min. The sections were then washed and overlaid with CY3-conjugated anti-rabbit IgG (Amersham France, Les Ulis, F) at room temperature for 30 min. DNA was stained using 4,6-diamidino-2-phenylindole (DAPI).
Results
Cloning of Hzyg
In a precedent study, we identified a large series of human testis EST (Pawlak et al. 1995 figure 1 ). This sequence, in its 5' end, perfectly matches with two human EST (Acc n°A L036600 and AI903478), which extend 160 nt upstream of Hzyg cDNA, and contains several stop codons in frame with the ATG initiation codon at nt 39. Four EST (Acc n°:
AA025815, AA687640, AA431332 and AW204619) extended the 3'Hzyg nucleotide sequence (212bp) for 46 nt. Thus, the 3' UTR mRNA is 258 nt long; it contains an AACAAA sequence as a non-canonical polyadenylation signal located 10 bp upstream the polyA tail.
Such an unusual polyadenylation signal has already been observed in several human genes including hRPS27 (Tsui et al. 1996) , ARF3 (Tsai et al. 1991 ), factor XI (Fujikawa et al. 1986 as well as in the Drosophila melanogaster tropomyosin gene (Boardman et al. 1985) and the chicken type II procollagen gene (Sandell et al. 1984) .
Hzyg ORF encodes a 766 amino acid sequence for a total molecular weight of 88 kDa.
The sequence of this protein, analysed by using Psort and Protparam programs, revealed that
Hzyg is likely to be cytoplasmic and relatively unstable. Hzyg exhibited 24% identity and 45% similarity with Caenorhabditis elegans Zyg-11
(figure 2), and matched also with several unknown genes in this species, indicating that Zyg-11 belongs to a Caenorhabditis elegans multigene family. In the Drosophila melanogaster genome, Hzyg matched with only a single gene product (Acc. n°: AAF47500) (figure 2). This gene, located on chromosome 3L, codes for a putative yet uncharacterised protein, which exhibited 38% identical residues and 54% similarities with Hzyg. Zyg-11 and the Drosophila melanogaster gene exhibited 2 and 3 LRR respectively.
Southern blot analysis
A Southern blot of human genomic DNA, digested by using KpnI, EcoRI, PvuII, PstI clearly appears that Hzyg is encoded by a single gene located on the long arm of chromosome 9 in q32-q34.1.
Hzyg mRNA expression
Northern blot analysis of Hzyg mRNA expression in several tissues revealed, under high stringency conditions, a strong signal at 3.1 kb, detected only in human testis. An abundant 5 kb transcript was also detected in testis and skeletal muscle and to a lower level in prostate, ovary, small intestine, heart, brain and pancreas (figure 4). A strong signal at 3.1 kb, was detected only in human testis. 
Hzyg protein expression
Antibodies raised against the carboxy-terminal part of Hzyg revealed a single band at the expected size (88 kDa), on human testis extracts (figure 6). By using these antibodies on human testis sections, we observed a very specific expression of Hzyg in the cytoplasm of late pachytene spermatocytes (mainly stage V), and in the cytoplasm of round spermatids (stage I and/or II) (figure 7).
Discussion
We cloned from a human testis library a new human protein (Hzyg), which is expressed at meiotic stages of human spermatogenesis.
In these cells, Hzyg mRNA is transcribed from a single gene as two major transcripts (5 and 3.1 kb), whereas a single 5 kb band is detected in skeletal muscle and to a lower extent in prostate, ovary, small intestine, heart, brain and pancreas. Such a specific expression pattern of a single gene in testis as compared to somatic tissues is often observed in germinal cells. Northern blots of human tissue mRNA hybridised with the insert of the clone A11107
and washed under high stringency conditions. The blots were exposed for two nights. The size of the markers is indicated on the right side. Western blot of human testis protein extracts incubated with affinity-purified IgG raised against a 13 amino-acids specific carboxy-terminal Hzyg peptide. A human kidney extract was used as negative control, since no mRNA signal was observed on northern blot. Sizes of the molecular weight standards (kDa) are reported on the left. 
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